Abstract. Relationship between visceral fat and development of uterine fibroids in adult women was investigated. A total of 89 patients with uterine fibroids treated in the First Hospital of Hebei Medical University from April 2016 to April 2018 were enrolled. Another 81 healthy women without uterine fibroids receiving physical examination in the same period were selected as the control group. Self-designed questionnaires were used to investigate the general conditions of the subjects, bioelectrical impedance analysis was employed to analyze obesity-related indicators, and their correlation with the risk of uterine fibroids was explored. Visceral fat area (VFA), body mass index (BMI), body fat percentage, waist circumference, waist-height ratio and waist-hip ratio were positively correlated with the incidence rate of uterine fibroids, and the odds ratio (OR), 95% confidence interval (CI) was 3.910 (2.029, 7.536), 2.716 (1.444, 5.110), 4.335 (1.507, 12.469), 2.881 (1.531, 5.423), 3.837 (1.914, 7.692) and 7.707 (3.501, 16.965), respectively. VFA and body fat percentage were correlated with the size of uterine fibroids, but the correlations were relatively weak. With the increase in the VFA, BMI, waist circumference, waist-height ratio, and waist-hip ratio, the risk of uterine fibroids was elevated. The BMI, VFA and waist circumference of patients with uterine fibroids were gradually increased with increasing age, showing statistically significant differences. Increased body fat (especially abdominal visceral fat) is able to enhance the risk of uterine fibroids. For perimenopausal women, the waist-hip ratio measured can be used as an indicator screening high-risk groups of uterine fibroids. This method is simple, easy and inexpensive. At the same time, providing nutrition guidance and changing diet and exercise habits are important measures to prevent the development of uterine fibroids.
Introduction
Uterine fibroids, one of the most common benign tumors in the female reproductive organs, occur mostly among women aged over 30 years, and women of childbearing age are mainly affected. However, some studies have revealed that the incidence rate of uterine fibroids is also very high in perimenopausal women aged 40-54 years due to ovarian hormone imbalance and related hormone imbalance (1, 2) . Common complications of uterine fibroids include anemia, osteoporosis and infertility, having long-term effects on patients. Moreover, there are no obvious subjective symptoms at the early stage of uterine fibroids, and they are often detected by chance in physical examination. Nevertheless, the health examination rate of urban and rural residents is low in China, so that patients fail to discover the disease as early as possible, and the treatment is delayed. Therefore, it is of great significance to study the risk factors for uterine fibroids for early detection of high-risk groups.
Obesity is a chronic metabolic disease caused by the interaction of various factors. The findings of the Report on the Nutrition and Chronic Disease Status of Chinese Residents (2015) show that the obesity rate among residents of 18 years and above was increased from 4.5% in 2002 to 9.6% in 2012, and the obesity rate among adult females in 2014 was 8.0% based on the data in the China Health and Family Planning Statistical Yearbook 2017 (3, 4) . A study showed that obesity leads to changes in endocrine system function, affects the levels of blood sex hormones and alters the secrete modes and metabolic pathways of hormones and their roles in target organs (5) . Furthermore, some current studies have proved that obesity is one of the risk factors for uterine fibroids. However, studies on the risk of uterine fibroids in women with central obesity, especially those with relatively large visceral fat area (VFA), are rare.
Therefore, in this study, a case-control study on patients with uterine fibroids admitted to hospital and healthy patients receiving physical examination in the same period was conducted, and the relationships of indicators including overweight and obesity with the incidence rate of uterine fibroids were explored, providing a theoretical basis for the prevention and control of uterine fibroids.
Patients and methods
Research objects and grouping. Uterine fibroid group included patients with uterine fibroids hospitalized in The Department of Gynecology of the First Hospital of Hebei Medical University (Shijiazhuang, China) from April 2016 to April 2018. Many hospitalizations were recorded as one case. A total of 89 patients definitely diagnosed with uterine fibroids according to medical history, clinical manifestations, gynecological physical examination, ultrasound examination and postoperative pathology were enrolled.
Control group included a total of 81 healthy women without uterine fibroids undergoing physical examination in the physical examination center in the same period.
This study was approved by the Ethics Committee of the First Hospital of Hebei Medical University. Patients who participated in this research had complete clinical data. The signed informed consents were obtained from the patients or the guardians.
Inclusion criteria. i) Patients aged 18-65 years; ii) patients without communication disorders, signed the informed consent and voluntarily participated in the study; and iii) patients having received body composition analytical examination.
Exclusion criteria. i) Patients aged less than 18 years old or over 65 years old; ii) patients with communication disorders or unwilling to participate in this study; iii) those with cardiac pacemakers or other implanted electronic medical devices; iv) patients with severe liver and kidney dysfunction, malignant tumors, infectious diseases or chronic debilitating diseases; and v) patients undergoing hysterectomy or hysteromyomectomy (without recurrence).
Research methods
Survey of basic information. Unified questionnaires were used by trained professionals to investigate basic information including name, age, education level and detailed medical history.
Measurement of body height and weight. The height and weight of patients wearing light clothes were measured in the early morning, with standing barefoot on an automatic height and weight measuring device (InBody BSMS370) after they emptied the stomach and the bladder and defecated.
Determination of body composition. The body composition of patients was measured using a body composition analyzer (InBody S10). The principle of direct segment multi-frequency bioelectrical impedance analysis (DSM-BIA) method was utilized to perform 30 electrical impedance measurements on 5 segments (the right upper and the left lower limbs, the trunk, and the right and the left lower limbs) through 6 different frequencies (1, 5, 50 , 250, 500 and 1,000 KHZ). Before measurement, patients were asked to remove accessories, and the places where electrodes were attached were wiped with alcohol, followed by measurement according to the operating instructions. After measurement, the following data were obtained: VFA, fat free mass, body fat content, body fat percentage, body mass index (BMI), upper arm circumference, upper arm muscle circumference and waist circumference.
Evaluation criteria. ≥80 cm female waist circumference <85 cm, and central obesity: Female waist circumference ≥85 cm; iv) grouping by waist-height ratio: waist-height ratio is the ratio of waist circumference to height. It introduces height on the basis of waist circumference, effectively avoiding the height-induced bias in evaluating central obesity via waist circumference. It is an ideal index evaluating central obesity, and generally, waist-height ratio ≥0.5 is the cut-off value in evaluating obesity based on waist-height ratio (7, 8) ; v) grouping by waist-hip ratio: waist-hip ratio is the ratio of waist circumference to hip circumference. According to the waist-hip ratio: waist-hip ratio <0.85 is normal somatotype, and waist-hip ratio ≥0.85 is central obesity (9); and vi) grouping by body fat percentage: body fat percentage refers to the percentage of body fat content of the total body weight. According to the criteria for body fat content, people are divided into the following categories based on the fat content: i) underweight: body fat percentage <17%; ii) normal weight: ≥17% body fat percentage <24%; iii) overweight: ≥24% body fat percentage <30%; and iv) obesity: body fat percentage ≥30% (10).
Statistical analysis. SPSS 23.0 (IBM Corp., Armonk, NY, USA) was utilized for statistical analysis. Measurement data in accordance with normality were expressed as mean ± standard deviation, and those not conforming to normality were expressed as median and quartile. Enumeration data were expressed as frequency. Independent sample t-test or rank sum test was applied for comparisons between two groups. Comparisons of indicators of overweight and obesity in patients with uterine fibroids among groups by age by one-way ANOVA or Kruskal-Wallis H test. Rank transformation procedures and Least Significant Difference as a post hoc test. χ 2 test was used for calculation of odds ratio (OR) value and analysis of enumeration data.
Logistic regression was used tofurther analyze the associations of overweight and obesity with the incidence rate of uterine fibroids. Spearman correlation was employed for correlation analysis. For all statistical analyses, two-sided test was performed, α= 0.05 was used as the test level, and P≤0.05 was considered to indicate a statistically significant difference.
Results

Comparisons of general data.
A total of 89 patients with uterine fibroids, whose average age was 44.22±7.19 years, were enrolled in this study, of which % had no exercise habits, and 64.0% liked to eat sweets. A total of 81 patients with an average age of 44.00 (32.00, 50.50) years were selected as control group. There were no statistically significant differences in age and height between the two groups, and the data were comparable.
According to Table I, the difference in the weight between the two groups was statistically significant, but no statistically significant differences were detected in the fat free mass, muscle mass and skeletal muscle, indicating that the difference in the weight between the two groups is mainly caused by fat level. Further studies found that uterine fibroid group had significantly elevated levels of upper limb muscles and trunk muscles and an overtly decreased lower limb muscle level in comparison with control group, suggesting that most patients with uterine fibroids have declined lower limb muscle levels. The waist circumference and VFA in uterine fibroid group were higher than those in control group, and the differences were statistically significant, implying that most patients with uterine fibroids suffer from central obesity. Tables II and III revealed that the BMI, VFA and waist circumference of patients with uterine fibroids were gradually elevated with increasing age, showing statistically significant differences.
Relationships of overweight and obesity indicators with the incidence rate of uterine fibroids. The VFA, BMI, body fat percentage, waist circumference, waist-height ratio and waist-hip ratio are common indicators evaluating overweight and obesity. Table IV showed that overweight and obesity were risk factors for uterine fibroids. The OR [95% confidence interval (CI)] of the waist-hip ratio was 7.707 (3.501, 16.965), which was significantly increased compared with that of other indicators. Logistic regression was used to further analyze the associations of overweight and obesity with the incidence rate of uterine fibroids, and it was found that the risk of uterine fibroids was increased with enhanced VFA, BMI, waist circumference, waist-height ratio and waist-hip ratio. Age is a risk factor for uterine fibroids (11). Therefore, age was adjusted as a confounding factor, and the analysis results were not changed. The specific results are shown in Tables V-X.
Correlations of overweight and obesity indicators with the size of uterine fibroids.
Spearman correlation analysis was carried out to study the correlations of the indicators of overweight and obesity with the size of uterine fibroids, and the results showed that the VFA and body fat percentage were related to the size of uterine fibroids, but the correlations were relatively weak (Table XI) .
Relations of nutrition-related indicators with uterine fibroids.
Uterine fibroid group had lower bone mineral content and inorganic salt in comparison with control group, but the differences were not statistically significant (Table I) . Based on BMI and body fat percentage, there are underweight, normal weight, overweight and obesity groups, but this table excludes the underweight and combines the overweight and the obese into one group. According to the waist circumference, waist-height ratio, waist-hip ratio and VFA, there are only two groups, namely normal group and obesity group, so all subjects are included in the analysis. BMI, body mass index; VFA, visceral fat area; OR, odds ratio.
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Discussion
Currently, studies have suggested that the conversion of estrone to estradiol in uterine fibroids is significantly lower than that in normal muscle tissues, and the concentration of estrogen receptors in fibroids is clearly higher than that in peripheral muscle tissues. Therefore, the pathogenesis of uterine fibroids may be related to sex hormone levels (12) . Obesity is able to cause metabolic disorders, making local tissues to form an abnormally high estrogen environment. The mechanism includes: i) androstenedione secreted by adrenal glands can be converted into estrone by aromatase in adipose tissues, and the level of estrone in plasma is increased with elevated adipose tissues and strengthened conversion ability, thus leading to persistent estrogen effect; and ii) obesity leads to the lack of periodic regulation of progesterone, so that the endometrium is in an environment of over stimulation from no estrogen antagonistic progesterone for a long time (11,13). Uterine Table V . Logistic regression analysis of the relationship between BMI and the incidence rate of uterine fibroids. Table VI . Logistic regression analysis of the relation between body fat percentage and the incidence rate of uterine fibroids.
Body fat percentage (%) Table VII . Logistic regression analysis of the association between waist circumference and the incidence rate of uterine fibroids.
Waist circumference (cm) fibroids may be induced in an abnormally high estrogen environment. Therefore, obesity may be one of the risk factors for uterine fibroids. A case-control study manifested that the BMI, waist circumference, hip circumference, waist-height ratio, body fat content and body fat percentage are positively correlated with the development of uterine fibroids, women with high BMI and waist-hip ratio have the highest risk of uterine fibroids, those with the body fat percentage of more than 30% also have relatively high risk of uterine fibroids, and uterine fibroids may have relationships with overweight and Table VIII . Logistic regression analysis of the correlation between waist-height ratio and the incidence rate of uterine fibroids.
Waist-height ratio Table IX . Logistic regression analysis of the relationship between waist-hip ratio and the incidence rate of uterine fibroids.
Waist-hip ratio Table X . Logistic regression analysis of the relationship between VFA and the incidence rate of uterine fibroids. (14) , which are consistent with some fi ndings of this study. Visceral fat acts as hormone-active tissues and can cause uterine fi broids by increasing the production of infl ammatory mediators. Ciavattini et al (15) measured the extra-peritoneal fat thickness (PFT) and subcutaneous fat of patients with uterine fi broids and controls via echography and discovered that the PFT is independently correlated with the development of uterine fi broids (P<0.0001), and the ROC curve analysis confi rmed that the PFT=6.7 mm can be used as a cut-off value for determining the development of uterine fi broids. The results of this study also showed that the VFA was a risk factor for uterine fi broids, the risk of uterine fi broids was elevated with the increase in the VFA, and the VFA was correlated with the size of uterine fi broids although the correlation was relatively weak. Besides, the estrogen in perimenopausal patients was decreased with increasing age, which might lead to visceral fat accumulation. Therefore, perimenopausal women should pay attention to diet and exercise to maintain healthy weight.
In conclusion, obesity is one of the risk factors for uterine fibroids, and increased body fat (especially abdominal visceral fat) is capable of raising the risk of uterine fi broids. The waist-hip ratio of perimenopausal women can often be measured as an indicator screening high-risk groups of uterine fi broids. Meanwhile, providing nutrition guidance and changing diet and exercise habits are important measures to prevent the development of uterine fi broids.
